US006435418B1
12 United States Patent (10) Patent No.: US 6,435,418 B1
Toth et al. 45) Date of Patent: Aug. 20, 2002
(54) THERMOSTAT HAVING AN ILLUMINATED 5,482,209 A 1/1996 Cochran et al. .......... 236/46 R
KEYPAD AND DISPLAY 5,567,042 A 10/1996 Farchmin et al. ........... 362/241
5,746,493 A 5/1998 Jonnson et al. ............... 362/31
(75) Inventors: Bartholomew L. Toth, St. Louis; ggg}jgg i gﬁ iggg EOF)d?CtkeTt---l --------------- 200/5 A
: ,797, aPointe et al.
?[?;)l_d&;:ul.) erryf)AIr{ILOlg’ bOIt{h ngMdO - 5816059 A 10/1998 Ficchi, Ir. et al. wov........ 62/127
>, VYA L3, RIOCES, Ked bud, 5971557 A * 10/1999 Kubes et al. .oovvvvvveve.... 362/24
(US) 6.067.074 A * 52000 Lueders ......oooovvvrvvonn.. 345/156
(73) Assignee: Emerson Electric Co., St. Louis, MO * cited by examiner
(US) Primary FExaminer—William Wayner
(*) Notice:  Subject to any disclaimer, the term of this gi) CArror ney, Agent, or Firm—Hamess, Dickey & Pierce,
patent 15 extended or adjusted under 35 T
U.S.C. 154(b) by O days. (57) ABSTRACT
(21) Appl. No.: 09/490,603 A thermostat C(?mprising a circuit board for controlling the
thermostat, a display, a keypad, and at least one electrolu-
(22) Filed: Jan. 25, 2000 minescent element. The display is operatively connected to
- ‘ the circuit board for displaying information concerning the
(51) Imt. CL." ... GOSP 23/00; GPQG 5/00 thermostat. The keypad has at least one key adapted to be
(52) US.CL ..., 236/94; 165/11.1; 345/170 pressed by a user. The key is operatively connected to the

(58) Field of Search ............................ 236/94, 46 R; circuit board in a manner to enable the user to input at least
165/11.1; 345/170, 172 onc signal to the circuit board by pressing the key. The

clectroluminescent element 1s operatively connected to the

(56) Reterences Cited circuit board and has a first electroluminescent section and
U S PATENT DOCUMENTS a second electroluminescent section. The first electrolumi-
nescent section 1s adjacent the keypad and the second
3,254,534 A 6/1966 Graham ..................... 73/363.7 clectroluminescent section 1s adjacent the display. The first
4177501 A 12/1979 Karlin .....ccooevininnnnen... 362/26 electroluminescent section and the keypad are adapted so
#2575 A 1981 Neel oovrrrriicini 236/94 that the first electroluminescent section 1lluminates the key-
4,355,347 A 10/1982 Guthrie ....ccovvvvvvnennnnnn.n. 362/30 : : :
4460125 A 7/1984 Barker ef al. .............. 236/94 pad. The second electroluminescent section and the display
4,930,048 A 5/1990 Tt0 eovveevvrrrrrrerrennne. 362/26  are adapted so that the second electroluminescent section
5097396 A 3/1992 MYEIS wovevevereeeereernens 362/32  llluminates the display.
5272601 A 12/1993 MCKIllip .coeoverevrennnn. 362/27
5,377,027 A 12/1994 lJelley et al. .................. 362/26 15 Claims, 3 Drawing Sheets

20
30 /34 //

..--"‘""--

|
i

2 )

CCT TR

46 gir,g{,%“g FILTEHVAL‘ATIGN | |

”%E”WSFF ON/AUTO
e |
| o | | b | % | P ‘ ]

ikl
—




U.S. Patent Aug. 20, 2002

26 Db

|

24 28~

NN v ¢ ———

| Ir

Al nl.—u Al Y .

e v s A AAR— Yy

- 1L G

3

--_l'-

ﬂf‘-

d"/r
54

Ge - AN

P . M. . .

Sheet 1 of 3

I B
LAY LA A AV AN AV A Y. -""'m" ‘

S ESSSSSSSKY
d

US 6,435,418 B1

4. ) 46 31 *
/ 30
sy
— . )
‘//Ai-il!ﬂ!‘!

L

- « I

?""

T R R A, M e~ vyt N L . R W

%

N .'.!i.ﬁ.'h
N AN
64

s

1 ."i

.“i R [ PR

36 gg

L3
4

- 30

¥

/ N\ o6
b4

W VA AN\

", . . .

I S AAA L AIIIS,

60 ¢

24 N 7Z
68

/

!
+

|
6 36 |

" FIG.A4



US 6,435,418 B1

Sheet 2 of 3

Aug. 20, 2002

U.S. Patent

NOILVIYAH31 T

@

SUNIAVS
1HIIAVA

Q).

[\HL
mw b-ﬁmmﬁ-- y
v /O g H

| 8¢




U.S. Patent Aug. 20, 2002 Sheet 3 of 3 US 6,435,418 B1

120

\ 130
182 ' - 126

' N s
CAIIIEIIIITITITITIT T T T T I T ITiITiiinee

160 124

180

- 16 . O



US 6,435,418 Bl

1

THERMOSTAT HAVING AN ILLUMINATED
KEYPAD AND DISPIAY

BACKGROUND OF THE INVENTION

This i1nvention relates generally to thermostats having,
illuminated keypads and displays and more particularly to

thermostats having keypads and displays illuminated by
clectroluminescent elements.

Thermostats are generally attached to walls 1nside build-
ings for controlling heating and cooling systems of the
buildings. Some thermostats have displays and keypads. The
displays are adapted to display information, such as tem-
perature of the room, thermostat settings, time of day, and
programming information. The keypad enables a user to
input signals to the thermostat to change thermostat settings
or to alter the display. Occasionally, the user may desire to
change thermostat settings at night. In order to see the
keypad, the user must turn on a light in the room, which may
be undesirable if another person 1s sleeping 1n the room at
the time.

SUMMARY OF THE INVENTION

The present invention overcomes the disadvantages of the
prior art thermostats. Among the advantages of the present
invention may be noted the provision of a thermostat having
an 1lluminated display and an illuminated keypad.

Generally, a thermostat of the present invention comprises
a circuit system for controlling the thermostat, a display, a
keypad, and at least one electroluminescent element. The
display 1s operatively connected to the circuit system for
displaying information concerning the thermostat. The key-
pad has at least one key adapted to be pressed by a user. The
at least one key 1s operatively connected to the circuit system
in a manner to enable the user to mnput at least one signal to
the circuit system by pressing the key. The at least one
clectroluminescent element 1s operatively connected to the
circuit system and has a first electroluminescent section and
a second electroluminescent section. The first electrolumi-
nescent section 1s adjacent the keypad and the second
clectroluminescent section 1s adjacent the display. The first
clectroluminescent section and the keypad are adapted so
that the first electroluminescent section illuminates the key-
pad. The second electroluminescent section and the display
are adapted so that the second electroluminescent section
illuminates the display.

In another aspect of the present invention, a thermostat of
the present invention comprises a circuit board, an electrolu-
minescent element on the circuit board, a keypad member
and a display. The circuit board has a plurality of actuable
clements thereon. The electroluminescent element has first
and second sections, the first section having a plurality of
openings therein aligned with the actuable elements on the
circuit board. The keypad member overlies the first section
of the electroluminescent element. The keypad member has
at least one relatively thick portion forming a key aligned
with one of the openings in the electroluminescent element.
Each key 1s surrounded by a relatively thin, tlexible portion
to allow the key to be depressed to actuate an actuable
clement on the circuit board that 1s aligned with the same
opening 1n the first section of the electroluminescent element
with which the key 1s aligned. The display overlies the
second portion of the electroluminescent element. The elec-
troluminescent element 1s adapted to i1lluminate the keypad
member and the display.

In another aspect of the present invention, an illuminated
thermostat comprises a circuit system for controlling the
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thermostat, a display, and a keypad. The display 1s electri-
cally coupled to the circuit system for displaying informa-
tion concerning the thermostat. The keypad has at least one
key adapted to be pressed by a user. The at least one key 1s
operatively connected to the circuit system in a manner to
enable the user to 1put at least one signal to the circuit
system by pressing the key. The thermostat further com-

prises means for illuminating the display and keypad. The
illuminating means may comprise one or more electrolumi-
nescent elements for 1lluminating the display and keypad.
Alternatively, the i1lluminating means may comprise an
clectroluminescent element for 1lluminating the keypad and

some other illuminating mechanism (e.g., a Light Emitting
Diode (LED)) for illuminating the display.

Other objects and features will be 1n part apparent and 1n
part poimnted out hereinafter.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 15 a perspective view of a thermostat of the present
invention with portions broken away to show detail;

FIG. 2 1s a front elevational view of the thermostat of FIG.
1,
FIG. 3 1s a cross-sectional view taken along the plane of

line 3—3 of FIG. 2, showing a display, a keypad having a
plurality of keys and a circuit board;

FIG. 4 1s an enlarged, fragmented cross-sectional view of
one of the keys of the keypad and circuit board of FIG. 3;
and

FIG. 5 1s an enlarged, fragmented cross-sectional view of
a key of a keypad and circuit board of another embodiment
of a thermostat of the present invention.

Corresponding reference characters indicate correspond-
ing parts throughout the several views of the drawings.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings and first more particularly
to FIGS. 1-3, a thermostat of the present invention 1is
indicated 1n 1its entirety by the reference numeral 20. The
thermostat 20 1s preferably a digital, programmable thermo-
stat for operating a climate control system, and preferably of
the type disclosed in U.S. patent application Ser. No. 09/109,
4°70, filed Jul. 2, 1998 and assigned to Emerson Electric Co.
The thermostat 20 includes a wall-mountable base 22, a
circuit board 24, an electroluminescent element 26 on the
circuit board, a display 28, a keypad 30, and a cover 32. The
base 22 is adapted to be secured to a wall (not shown) via
screws or other suitable fasteners. The cover 32 1s preferably
adapted to releasably connect to the base 22 so that the cover
and base house the other components of the thermostat 20).

The circuit board 24 may be any circuit board suitable for
thermostat control and 1s preferably a circuit board of the
type employed 1n a Comiort-Set ® III Digital Thermostat,
commercially available from Emerson Electric Co., St.
Louis, Mo. The display 28 1s preferably an LCD display and
1s electrically coupled to the circuit board 24 for displaying
information concerning the thermostat. Preferably, the cir-
cuit board 24 1s configured to enable the display 28 to
display system modes (e.g., heat off, cool auto, hold, pro-
gramming modes, etc.), warnings (€.g., check battery), set-
point temperature, room temperature, time of day, etc.

The keypad 30 preferably has a plurality of keys adapted
to be pressed by a user. The keys are operatively connected
to the circuit board 24 1n a manner to enable the user to input
signals to the circuit board 24 by pressing the keys. The
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keypad 30 has a front (forward facing) side 34 and a back
(rearward facing) side 36 opposite the front side. The front
side 34 1s adapted to face the user when the user presses the
keys of the keypad 30. Preferably, indicia 1s on the front side
34 of the keypad to 1dentily the keys. The back side 36 of the
keypad 30 1s preferably face-to-face with the electrolumi-
nescent element 26. The keypad and keys are preferably of
a material sufficiently light-transmittable to enable visible
light from the first electroluminescent section to pass there-
through. The keys may be clear or translucent (i.e., light-
fransmittable but causing sufficient diffusion to prevent
perception of distinct images), but is preferably translucent.
Preferably, the keys and keypad are of a polymeric resinous
material, and more preferably of a compression moldable
silicone such as that commercially available from Shinetsu
of Japan, product number 94HB. The keypad 30 preferably
includes arrow keys 42, 44 for raising and lowering the
temperature settings, program keys 46 for programming the
thermostat, and clock keys 48 for setting the date and time.
Preferably, the arrow keys 42, 44 are not 1lluminated. Also
preferably, the thermostat 20 includes an LED indicator light
50 which glows when the climate control system 1s operat-
ng.

The electroluminescent element 26 1s at least operatively
connected to the circuit board 24 and 1s preferably directly,
physically connected to the circuit board. The electrolumi-
nescent element 26 includes first and second electrolumi-
nescent sections 54, 56. The first electroluminescent section
54 underlies the keypad 30 for 1lluminating the keypad. The
second electroluminescent section 56 underlies the display
28 for i1lluminating the display. Stated another way, the
keypad 30 overlays the first electroluminescent section 54,
and the display 28 overlays the second electroluminescent
section 56. Preferably, the first electroluminescent section 54
1s sandwiched between the keypad 30 and circuit board 24,
and the second electroluminescent section 56 1s sandwiched
between the display 28 and circuit board 24. Preferably, the
first electroluminescent section 54 is behind (or adjacent the
back side of) every key of the keyboard 30, and the second
clectroluminescent section 56 1s behind the entirety of the
display 28. Also preferably, the first and second electrolu-
minescent sections 54, 56 are portions of a single electrolu-
minescent element. However, 1t 1s to be understood that two
or more electroluminescent elements may also be employed
without departing from the scope of this mnvention.

The circuit board 24 preferably has a plurality of actuable
clements (i.e., elements capable of being actuated) 60
thereon (only one of which is shown 1n FIG. 4). Each key of
the keypad 30 1s aligned with and operatively engageable
with a corresponding one of the actuable elements 60 of the
circuit board 24. The actuable elements 60 of the circuit
board 24 are moveable between forward and rearward
positions (up and down as shown in FIG. 4) for operating
and programming the thermostat. Preferably the actuable
clements 60 are biased in their forward positions. The
keypad 30 and keys are preferably a single unitary keypad
member 62. The keypad member 62 preferably comprises a
unitary member having a plurality of relatively thick por-
tions forming the keys (e.g., key 46 in FIG. 4), and a
plurality of relatively thin, flexible portions 64 surrounding,
the keys. The flexible portions 64 allow the keys to move
between forward and rearward positions (up and down as
shown in FIG. 4) and preferably bias the keys in their
forward positions. Preferably, each key includes a rear-
wardly extending boss (nub) 66 and the first electrolumi-
nescent section 54 has a plurality of through openings 68
aligned with the bosses of the keys. Each boss 66 1s sized
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and shaped to extend into a corresponding one of the
openings 68 and adapted to engage a corresponding one of
the actuable elements 60 of the circuit board 24. The
openings 68 permit the bosses 66 of the keys to directly
engage the actuable elements 60 as the user depresses the
keys to move them from their forward positions to their
rearward positions. Thus, the keys and actuable elements are
coniigured and arranged so that depressing the keys actuate
the actuable elements 60.

In operation, the electroluminescent element 26 is ener-
oized to 1lluminate the keypad 30 and the display 28.
[1luminating the keypad 30 and display 28 enables a user to
view and operate the thermostat 20 without the use of
external lights.

Referring now to FIG. §, another embodiment of a
thermostat of the present invention 1s mndicated 1n 1ts entirety
by the reference number 120. The thermostat 120 of FIG. 5
1s 1dentical to the thermostat of FIGS. 1-4 except for the
differences noted herein. The thermostat 120 includes a
keypad 130 having a plurality of keys (only one of which i1s
shown), an electroluminescent element 126, and a circuit
board 124. Unlike the electroluminescent element 26, the
clectroluminescent element 126 has no openings directly
below the keys of the keypad 130. However, the thermostat
120 preferably includes an insulator spacer element 180
sandwiched between the electroluminescent element 126
and the circuit board 124. The spacer element 180 preferably
includes a plurality of openings 182 (only one of which is
shown) aligned with the keys of the keypad 130. The
thermostat 120 further includes a plurality of bosses (or
nubs) 166 (only one of which is shown) attached to the
underside of the electroluminescent element 126 and aligned
with the keys of the keypad 130. The bosses 166 ¢xtend 1nto
the holes 182 of the spacer element 180, and are aligned with
actuable elements 160 of the circuit board 124. Preferably,
the actuable elements 160 perform the same function as the
actuable elements 60 of the thermostat 20 of FIGS. 1-4. In
this embodiment, depressing the key deforms the electrolu-
minescent element 126 to cause the boss 166 to engage the
actuable element 160. Preferably, the electroluminescent
clement 126 and corresponding structure are similar to that
described m LaPointe et al. U.S. Pat. No. 5,797,482, incor-
porated herein by reference.

Although the thermostats of FIGS. 1-5 have been
described as 1lluminating both keypads and displays with
electroluminescent elements, 1t 1s to be understood that other
conventional means may be employed for illuminating the
display without departing from the scope of this invention.
For example, rather than 1lluminating the display with the
second electroluminescent section, the display could be
illuminated with an LED or some other light source elec-
trically coupled to the circuit board.

In view of the above, 1t will be seen that the several
objects of the invention are achieved and other advantageous
results attained.

As various changes could be made 1n the above construc-
tions without departing from the scope of the 1invention, it 1s
intended that all matter contained 1n the above description or
shown 1n the accompanying drawings shall be interpreted as
illustrative and not 1n a limiting sense.

What 1s claimed 1s:

1. An illuminated thermostat comprising:

a circuit board for controlling the thermostat, the circuit
board having at least one actuable element thereon;

a display electrically coupled to the circuit board for
displaying information concerning the thermostat;
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a keypad having at least one key adapted to be pressed by
a user, the at least one key being aligned with the at
least one actuable element of the circuit board, the key
being moveable between forward and rearward posi-
tions and being operatively connected to the actuable
clement of the circuit board so that movement of the
key from 1ts forward position to its rearward position
actuates the actuable element; and

at least one electroluminescent element operatively con-
nected to the circuit board, said at least one electrolu-
minescent element having a first electroluminescent
and a second electroluminescent section, the first elec-
troluminescent section being adjacent the keyboard,
and the second electroluminescent section being adja-
cent the display, the first electroluminescent section and
the keypad being adapted so that the first electrolumi-
nescent section 1lluminates the keypad, the second
clectroluminescent section and the display being
adapted so that the second electroluminescent section
illuminates the display, the first electroluminescent
section having at least one opening therein, the opening
aligned with the at least one actuatable element on the
circuit board.

2. An 1lluminated thermostat as set forth in claim 1
wherein the at least one key of the keypad 1s of a material
sufliciently light-transmittable to enable visible light from
the first electroluminescent section to pass through the at
least one key.

3. An 1illuminated thermostat as set forth in claim 2
wherein the material 1s translucent.

4. An 1lluminated thermostat as set forth in claim 1
wherein the display overlays the second electroluminescent
section.

5. An 1lluminated thermostat as set forth 1n claim 4
wherein the display comprises an LCD display.

6. An 1lluminated thermostat as set forth 1n claim 1
wherein the first and second electroluminescent sections are
portions.

7. An 1illuminated thermostat as set forth in claim 1
wherein the key constitutes a portion of a keypad member,
the keypad member comprising a single unitary member
having at least one relatively thick portion forming the key,
the key surrounded by a relatively thin, flexible portion to
allow the key to be depressed to actuate the actuable element
on the circuit board.

8. An 1lluminated thermostat as set forth 1n claim 7
wherein the circuit board has a plurality of actuable elements
thereon, and wherein the keypad member 1ncludes a plural-
ity of relatively thick portions forming a plurality of keys
thereon, the keys of the keypad member being aligned with
the actuable elements of the circuit board.

9. An 1lluminated thermostat as set forth 1n claim 8
wherein the at least one opening 1n the first electrolumines-
cent section comprises a plurality of openings aligned with
the actuable elements of the circuit board, the openings
permitting the keys to directly engage the actuable elements
as the user depresses the keys.

10. An illuminated thermostat as set forth in claim 8
wherein each key includes a boss thereon extending 1nto one
of the openings 1n the first electroluminescent section and

adapted to engage one of the actuable elements of the circuit
board.
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11. A thermostat having an 1lluminated keypad and
display, the thermostat comprising:

a circuit board having a plurality of actuable elements
thereon;

an e¢lectroluminescent element on the circuit board, the
clectroluminescent element having first and second
sections, the first section having a plurality of openings

therein aligned with the actuable elements on the circuit
board;

a keypad member overlying the first section of the elec-
troluminescent element, the keypad member compris-
ing a single unitary member having at least one rela-

tively thick portion forming a key aligned with one of

the openings in the electroluminescent element, each
key surrounded by a relatively thin, flexible portion to

allow the key to be depressed to actuate an actuable
clement on the circuit board that 1s aligned with the
same opening 1n the first section of the electrolumines-
cent element with which the key 1s aligned; and

a display overlying the second portion of the electrolu-
minescent element,

the electroluminescent element being adapted to 1llumi-

nate the keypad member and the display.

12. An illuminated thermostat as set forth 1in claim 11
wherein the at least one key of the keypad member 1s of a
material sufficiently translucent to enable visible light from
the first electroluminescent section to pass through the at
least one key.

13. An 1lluminated thermostat as set forth in claim 12
wherein the keypad member includes a plurality of relatively
thick portions forming a plurality of keys thereon.

14. An 1lluminated thermostat as set forth in claim 12
wherein each key includes a boss thereon extending 1nto one
of the openings 1n the first electroluminescent section and
adapted to engage one of the actuable elements of the circuit

board.
15. An 1lluminated thermostat comprising;:

a circuit board having at least one actuable eclement
thereon;

a keypad having at least one key adapted to be pressed by
a user, the at least one key being aligned with the at
least one actuable element of the circuit board, so that
pressing the key actuates the actuable element;

an electroluminescent element between the keypad and at
least a portion of the circuit board for back lighting the
keypad, the element having an opening therein aligned
with the at least one actuable element on the circuit
board and the at least one key on the key pad, opera-
tively connected to the circuit board, and having a the
key being moveable between forward and rearward
positions and being operatively connected to the actu-
able element of the circuit board so that movement of
the key from 1ts forward position to its rearward
position actuates the actuable element; and

at least one electroluminescent element operatively con-
nected to the circuit board, said at least one electrolu-
minescent element having at least one opening therein
aligned with the actuable element and the at least one
key, so that the key can operate the actuable element on
the circuit board to operated the thermostat.
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